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University of Ljubljana, Biotechnical Faculty, Research
group for nanobiology and nanotoxicology

 EU FP7 NanoValid (2011-2015)

 EU FP7 NanoMILE (2013-2017)

 H2020, RIA NanoFASE (2015-2019)

 H2020, MSCA-ITN-2015 Pandora

. (2016-2019)

« H2020, NANORIGO (2019-2023)

 DaNa 2.0, funded by German Federal
Ministry of Education and Research (ongoing)

L/

** NanoSafetyCluster

National centres of excellence (CO):
* CO NAMASTE
* (CO Nanocenter




Nanotechnologies

6000000

W skeptical estimates W optimistic estimates
5000000

2
2
3

3000000

2000000

Global market [tons]

1000000

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

Year

2024
2025



Safety

~ NanoSafety Cluster
~ NanoValid
~ NanolmpactNet

= SIINN - Safe Implementation
- NHECD

- Safenano

- Marina FP7

- NANOCODE

- NANOSH

- nanoSTAIR

- Steptoe & Johnson

- Legal/Regulatory Issues PromOti ng Nanosafety Resea I'Ch

(nanotech.lawbc.com)
- DaNa
-~ NANOTRANSPORT . .
~ EURO-NanoTox

 BioNanoNr NanoSafety \.: o

- NANoREG

T Lluster ‘\ ’
~ NanoSafePack ¢ ¢

~ Nanomicex

. eNanoMapper




Publications

Number of Publications
!

i 659
| - - -

443
i , ) 238
St d T 2 5 4 s ¢ Ty 7
o LEEWEGTS ‘——15‘_.:22_!:?._7. & o e 3?1.32'1-’% 7.‘~: H :..
FEPLELS P S

FELS OIS PP PSS S P PS5,

Year of Publication

Figure 1: The number of published papers on nanotoxicology from 1980 to 2013.

https://www.researchgate.net/publication/266746424 Nanosafety Research-
re We on the Right Track/figures?lo=1
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Data

understanding, integration, applied,
reflected upon, actionable,
accumulated, principles, patterns,

+ insight
decision-making process

idea, learning, notion, concept,
synthesized, compared,
thought-out, discussed

+ meaning

KNOWLEDGE

organized, structured,
categorized, useful,
condensed, calculated

+ context INFORMATION

individual facts,

figures, signals,

measurements




Examples of data bases

e Composite Table RML November 2019 HQ1 PDEF (77 pp, 7.62 MB)

Foegione
Hay: | = IRIZ; P = FRRTW, 0 = OFF; & = ATSDR: © = Cal ERA; X = PPRTY Scrasning Level; H = HEAST: W = TEF applied; £ = RPF applied; 5 = users guide S2c8on 5; M = mulagen; ' = volatle; & = RSA spplied | © = cancar; n = noncancar; © = whens: n 5L = 100X ¢ SL; = = whera n 5L = 10% ¢ 5L; 351
valuss are based on DAF=1; m = c2lling Imi excesded; £ = Ceat excasdad
. Hded and Chemical-epacific Information Contaminant Removal Lewals
K[V
SFO g| WR g a|a Cam FResidant Soll Industrial Soll Residznt Alr Inaustrial Ak Tapwater MCL
imgko-dayy” | ¥ | ugim®y” | | (mofkg-aay) ¥ ||| muiagen) GIASS) ASS; | (M3g) Analyiz TAS Mo imgkg) |key| (mopkg) | key| jugim’) |mey| ugm®) |key| (o) |key| jugi)
2Z20E£02__ | A.20E02 1 W 1 4 Z3E+03 | Bis(chikarametryjsthar 542-55-1 BI0ED3__ ©  a3b0e02  c  450ED8 o 200E0Z  c 72003 G
SO0E02 | 1 ] Bisphenol A §O-05-7 IZEHIZ n  LI0EH4 N T.TOEIZ n
ZO0E-01 | EODEDZ H 1 Boron And Borates Only T440-42-5 160E#l4 n 230E405 nm 2405401 n  8B0EH n 4D0EH03 n
ZO0EHDD P ZO0ED2 P W 1 Boron Trichionde 10294-34-5 | 1.BOEX0S nm 230E#06  nm  210EH01 n B.E0E#01  n 4.20E:0 N
400E-02 C 130602 C W 1 Boron Trifleorda TEIT-07-2 JMEAE n  4TOEH4 0 140E4#01 n STOEH n ZB0EHH n
TOOED1 | 400605 | 1 Hromate 15541454 | 9B0E+1 ¢~  4TOEMRZ o 1A0E#N ©| 1.00E+01
ZO0E+00 X G.O0E-04 X W 1 2 38E+0G | Brome-2-chigroethans, 1- 107-04-0 ZE0EHI0  c  1A0E#1  c  4F0ED1 c 2Z0OEHD ¢ TAO0EM ©
JO0ED4 X W 1 & 95E+02 | Brome-3-Nuworobenzens, 1- 1073-06-9 ZI0EHM n 350E+H12 N 4.90E+00 n
JO0ED4 X W 1 3.23E+02 | Brome-4-luorobenzens, 1- 450-00-4 Z30EHM  n 3E0EH2 M 450E+00 n
1 | Bromoacetlc acid Te-08-3 B.0E+01IG)
GODEDS | BOmEDE 1 W 1 B.75E+02 | Bromobenzens 105-56-1 ZE0E+0Z  n 1.B0E+03  Me  Ba0E+01 N 2BOEHIZ N G20ESH N
400E-02 X 1 4.04E+03 | Bromochicromethans T4-57-5 150E+02  n  G30EHI2 0 4206401 n 1.B0EHIZ n G30E+#H n
G20E02 | 3TOEDS C  EOOEDE | W 1 9 32E+02 | Bromodichioramethans T5-27-4 ZO0E#M ¢ 130E#02  ©  VAOEHD0 c©  3F0EH1 ¢ 1.30EHN ot |B.OE+01G)
TSOED3 | 1.10E06 | ZODEDE | W 1 2 15E+02 | Bromoform T5-25-2 160E+3 ns G60E+03 c“s 2605402 c 1.10EH03 ¢ 330EH0E o |B.OE+IHIG)
140603 | SO0EDS 1 W 1 3.58E+03 | Bromomemans T4-E33 BEIE+I0 n  300E#01 nm 520540 n 230EH n TSIEXD n
SO0E-03 H W 1 Bromophos Z104-56-3 J0EAlZ  n SE0EH0d  n 350E+1 N
1.00E01 AW 1 9 GEE+02 | Bromopropans, 1- 105-34-5 ZIEHIZ  n 940E#02 0 1O00EH02 n 440E#02 n Z10E=DZ n
100E1 O 150602 O 1 01 Bromaoeynil 1685-84-5 530E+02 o~ ZEEHE o 610E+ ¢
100EM O 1.50E-02 O W 1 Bromoxynil Cctanoats 1585-55-2 GTOEs02 o~ 3I0EH3 o~ ZA0E+M ¢
E.ODE-  © 3.00ED5 | ZODEDS I W 1 6.6TE+0Z | Butadlens, 1.3 105-35-0 1E0E+0 n TEOEH00 n 2405400 n  SB0EHI0 n 43000 n
300E-02 O 1 0 Butanoic 3cid, 4-{2, 4-dichiorophanony)- 84525 180EHI3 n  250E+04 N 450E+0Z n
100E 1 W 1 T.64E+03 | Butanod, M- T1-36-3 TEIE+I3  ns  1.Z0E+05  nms _ ZO0E+0E _n
ZO0E+ND P 3.00E+01 P W 1 Z.13E+04 | Butyl aconol, sac- TE9E-2 130E+05 nme 1.50E+06 nNmE ad0c+04 0 1.30EH05 0 240E+04 n
S00E-02 | W 1 Butylata 2008-41-5 ISEHZ n SE0EHM N 460E+0Z n
ZO0E04  C STOEOE C 1 01 Butylatad hydrooyanisole 35013165 | 270E+05 cm 1.10E#06 c©m 450EH03 c 230E#04 ¢ 1.50E+ ©
IG0EDE P JO0EDT P 1 ] Butylatad mydrovioluens: 128-37-0 1.50E+4 o~ G40E+HD4 o~ 340E+02 ¢
S00ED2 P W 1 1.08E+02 | Butylbenzene, n- 104-51- IS0EH ns SE0EH0 M 1.00E+03 n
100E01 X W 1 1.45E+02 | Bubylbanzens, soo- 135-98-§ TEIE+D3 ns  1.Z0E+05  nms ZO0E:03 N
100601 X W 1 1.83E+02 | Bubylbanzens, fer- 55-05-5 TEIEHI3 ns  1.Z0E#05 nme 6.S0E+0Z n
ZO0E-DZ A 1 0 Cacadylic Acld T5-60-5 130E+03 n  1GOEH4 N 400E=0Z n
1.B0E03 | 1.00ED3 | 1.00EDS A 0025 0.001 Cadmium [ Dty T440-43-9 TADEHM  n 9B0EH1Z  n
1.80E03 | 5S00E04 | 1.00E05 A 005 0001 Cadmium [(Water) T440-43-9 100E-02 n 440E02 n S.20E=00 n | S00S+00
SO0ED1 | E20EDS C 1 0 Caprolacam 105-60-2 JMEsd 0 LO00EHDS nm 230E+00 n 9G0EHID n G.90EHE n
150E01  C 430E05 C  EOOEDS | 1 01 (Captafol 2425061 130E#02  n  1.50E403 ¢~ GS0EHM ¢ Z80EH ¢ 330EHH n
2FE03 C GBOEDT C 130600 | 1 01 Captan 133-06-2 B2E#IZ n  1LOE#DS o~ 4305402 c 1.80E#03 ¢ Z40E:03 n
100601 | 1 01 Carbaryl 63252 G30E+I3 n  GEOEH4 N 1.50E+03 n
SO0EDS | 1 01 Carbofuran 1553-66-2 IMEHIZ 0 40EHId N S40E+M1 n | 400540
100601 | TOOED1 1 W 1 T.35E+02|Carton Disulfide 75150 TTOEHIZ ns 350E#403 e 7I0E+0Z2 n 30E#03 n B0E=0Z n
TOOEDZ | GOOED6 | 400E03 | 1.00E01 1 W 1 4.55E+02 | Caroon Tatrachioride 56-23-5 GS0EHM  ©~ 280E#02 o~ ATOEHD1 ¢~ 2D0EHDZ o~ 4B0EHM o| SO0S+00
100E01 P W 1 5 S5E+03 | Carbomd Sulfide 463-55-1 GYOEH0] 0 2B0E#0Z  n 1O0EH02 n 440E#02  n ZA0E:0E n
100602 | 1 ] Carbosufan 55205-14-0 | G.30EH12 N G20EH03 N SA0E+H n
100601 | 1 0 Carboxin 5234-65-4 G30E+13 n EHEH4 n 1.80E+03 n
DODEDL 1 1 Caric mide 1306-38-3 1.30E+06  nm 540E+08  nm  G.4DE01  m 3SOEHD N
100601 | W 1 Chiaral Hydrale 302-17-0 TEEHNZ n  1Z0E+05  mm ZO0E:03 n
150602 | 1 01 Chigramben 133-90-4 §50E+02 0 1EE+4 N ZSE=IZ n
Chioramings, Omanic ETO1235 4.0E+I3(GE)
400E01 H 1 0 Chiaranil 118752 130EHIZ  © STOEHIZ ¢ 1.50E+H ©
35001 | 1.00ED4 | SO0ED4 | TOOEDS 1 W 1 0.04 Chiardans 12788-055 | 350E+d n 450402 n TIED! n 3A0EHO0 n TA0E n | 2005400




Examples of data bases

https://toxico.nibiohn.go.jp/english/datalist.html#vivo

List of public data

Puhllc {in vivo)data

To in vitro data

1lacetaminophen 0.5% MC Gavage 'R'I‘:;; 000 600 10000 300 600 1000 |
Zlisoniazid 0.5% MC Gavage Liver 200 600 2000 50 100 200
3|carbon tetrachloride corn oil Gavage Liver 30 100 300 30| 100 300
4iphenobarbital 0.5% MC Gavage Liver 100 150 300 10| 30 100
5valproic acid 0.5% MC Gavage 'l;{'i‘:;;fy 45 1500 450 45 150| 450

; Liver /
Blclofibrate corn oil Gavage Kidney 30 100 300 30| 100 300
7irifampicin 0.5% MC Gavage k‘ﬁ;’y 200 60| 2000 20 60 200
8naphthyl isothiocyanate corn oil Gavage Liver 15 50 150 1.5 5 15!

. Liver /
9lallyl alcohol corn oil Gavage Kidney 3 10 30 3 10 30
10[phenylbutazone 0.5% MC Gavage 'l;{'i':;gy 200 60| 2000 20 60| 200
11jomeprazole 0.5% MC Gavage 'P-('i‘:iigy 100, 300, 1000, 100/ 300/ 1000



https://toxico.nibiohn.go.jp/english/datalist.html#vivo

Examples of a data base

Class: Toxicology

Term IRI: http://purl.obolibrary.org/obo/NCIT _C17206
Definition: Toxicology is the branch of pharmacology that deals with the nature and effects and treatments of poisons. [def-source: NCI]

Annotations

e ALT_DEFINITION:Toxicology is the study of the adverse effects of chemical, physical or biological agents on people, animals, and the environment_; The study of
poisons, including the source, effect, and treatment of poisoning. It is a branch of pharmacology (the study of drugs).

+ Contributing_Source:CDISC

+ Legacy_Concept_Name:Toxicology

« Preferred_Name:Toxicology

o Semantic_Type:Biomedical Occupation or Discipline

« UMLS_CUI:C0040541

e code:C17206

+ has exact synonym:ioxicology; Toxicology; TOX

e in subset:CDISC SEND Terminology; CDISC SEND Study Category Terminology; Clinical Data Interchange Standards Consortium Terminology

10



Examples of data bases

o
Y StatNano INDICATORS ~ DATABASES ¥  NBIC + METHODOLOGY ~ ese LOGIN

43 nanomaTERIALS IN 1,844,645 articLes, 220,026 patents anp 3,272 probucTs

GRAPHYNE Article - 672 Patent : 21
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FAIR data principle

To be Findable:

* F1. (meta)data are assigned a globally unique and eternally persistent identifier.
F2. data are described with rich metadata.
F3. (meta)data are registered or indexed in a searchable resource.
F4. metadata specify the data identifier.

To be Accessible:

* Al (meta)data are retrievable by their identifier using a standardized communications protocol.
Al.1 the protocol is open, free, and universally implementable.
A1.2 the protocol allows for an authentication and authorization procedure, where necessary.
A2 metaéata are accessible, even when the data are no longer available.

To be Interoperable:
< 1.

meta
meta
meta

data use a_formal, accessible, shared, and broadly applicable language for knowledge representation.
12. data use vocabularies that follow FAIR principles.
13. data include qualified references to other (meta)data.

To be Re-usable:

* R1. meta(data) have a plurality of accurate and relevant attributes.
R1.1. (meta)data are released with a clear and accessible data usage license.
R1.2. (meta)data are associated with their provenance.
R1.3. (meta)data meet domain-relevant community standards.
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Problems to be solved:
a) data, information and knowledge is siloed (isolated, separated)
b) data, information and knowledge is human readable but not machine readable, not FAIR!

By Risk Governance Council:

NAN

meeting the needs of nanotechnology

RIGO @ovlmnno




Nano Risk Governance council

Nano Risk governace council (NRGC)

One of the main goals of three H2020 RIA risk-governace projects
(NANORIGO, RiskGone, Gov4Nano) will establish a science-based
safety governance body for nanomaterials, in the form of a
transparent, self-sustained European Risk Governance Council (ERGC).
The role of the ERGC is to provide expert opinions on the governance of

engineered nanomaterials (ENMs).

NANEHRIGO (GovaNano
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NRGC for regulation

DG GROWTH is EU commission service

EU NANO REGULATION

C DG GROWTH supervises certain regulatory agencies European Chemicals Agency

(ECHA)

!

the European Chemicals Agency (ECHA) implements the EU’s
legislation on chemical products

!

REACH and CLP are EU regulations




NRGC for nanoinovation

Safe NANO Innovations



Working together!

Designing Better, Together!
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